Three experiments were conducted to determine the effects of dietary arginine concentrations on plasma free amino acid (PAA) concentrations in rainbow trout, Oncorhynchus mykiss (Walbaum). The first experiment was conducted to determine appropriate post-prandial and food deprivation sampling times in dorsal aorta cannulated rainbow trout averaging 519±9.5 g (mean±SD) at 16°C. Blood samples were taken at 0, 2, 3, 4, 5, 6 and 24 h after feeding (0 and 24 h blood samples were taken from the same group of fish). PAA concentrations increased by 2 h post-feeding and the concentration of all essential amino acids except histidine peaked at 5 h and returned to 0 time values by 24 h. In the second experiment dorsal aorta cannulated rainbow trout averaging 528±11.3 g (mean±SD) were divided into 6 groups of 4 fish to study the effect of dietary arginine levels on PAA. After 24 h food deprivation, each group of fish was fed one of six L-amino acid diets containing graded levels of arginine (0.48, 1.08, 1.38, 1.68, 1.98 or 2.58%) by intubation. Blood samples were taken at 0, 5 and 24 h after feeding. Post-prandial (5 h after feeding) plasma-free arginine concentrations (PParg) showed a breakpoint at 1.03% arginine in the diet and post-absorptive (24 h after feeding) plasma free-arginine concentrations (PAarg) showed a breakpoint at 1.38% arginine. PAarg increased linearly from fish fed diets containing arginine between 0.48% and 1.38%, and the concentrations remained constant from fish fed diets containing arginine at or above 1.38%, but were all below PParg at all time points. Results of the third experiment confirm the results that PParg concentrations from fish fed arginine deficient diets were higher than PAarg (0 or 24 h values). Thus, in contrast to mammals and birds, the PParg when arginine is present in the diet as the most limiting amino acid such that it severely limits growth, increases in plasma rather than decreases. (Asian-Aust.
INTRODUCTION
Evaluation of plasma free amino acids concentrations in mammals and birds has led to discoveries involving the genetic defects of amino acid metabolism, the secondary perturbations of amino acid metabolism as a result of primary renal or liver disease and the effects of amino acid deficiencies, imbalances and toxicities on amino acid metabolism (Zicker and Rogers, 1990) . Factors influencing plasma free amino acids (PAA) concentrations in growing animals have been studied extensively. Although assay procedures used in PAA studies have varied considerably, the results obtained have been quite consistent in demonstrating that dietary amino acid deficiencies result in reduced plasma concentration of that amino acid, postprandially (Hill and Olsen, 1963) , whereas dietary amino acid excesses have resulted in increase of that amino acid in the plasma (Richardson et al., 1953) .
Studies in the chick (Richardson et al., 1953; Hill and Olsen, 1963) , rat (Swendseid et al., 1963; Young and Zamora, 1968) , pig (Puchal et al., 1962) , human (Longenecker and Hause, 1961; Snyderman et al., 1964) and fish (Thebault, 1985) have clearly established that a reduced concentration of an essential amino acid (EAA) in plasma reflects a deficient level of that amino acid in the diet. Others (Munro, 1970; Young and Scrimshaw, 1970; Young et al., 1971) showed that the pattern of amino acids and the level of a specific EAA in plasma correlate with the ability of the dietary protein to support growth. The relationships between the concentration of PAA and dietary amino acid intake have been the subject of reviews (Leathem, 1968; McLaughlan and Morrison, 1968; Munro, 1970; Young and Scrimshaw, 1970; Zicker and Rogers, 1990) .
Although the effects of dietary protein sources and amino acid mixtures on plasma free essential amino acid concentrations in sea bass (Thebault, 1985) and in rainbow trout (Schuhmacher et al., 1997; Vermeirssen et al., 1997) have been reported, the complete dose-response relationships for arginine have not been investigated. Therefore, the objectives of the present study were to
Post Prandial Plasma Free Arginine Concentrations Increase in Rainbow Trout
Fed Arginine-deficient Diets determine the effects of the different dietary arginine levels on PAA concentrations and to estimate the dietary arginine requirement by using surgically modified young growing rainbow trout (Oncorhynchus mykiss).
MATERIALS AND METHODS

Animals and husbandry
Rainbow trout averaging 519±9.5 g (Experiment I), 528±11.3 g (Experiment II) and 521±13.1 g (Experiment III) were obtained from Ewhajung Trout Farm in Sang Joo, Korea. For all experiments, net cages (1.3 m×1.3 m×1.3 m) were placed in a flow-through raceway with a water flow of 60 L/min. Supplemental aeration was also provided to maintain the dissolved oxygen near 7.2±0.4 mg/L. Water temperature was maintained at 16±0.2°C.
Dorsal aorta cannulation and intubation
The trout were anesthetized with 200 mg/L 3-aminobenzoic acid ethyl ester methansulfonate (MS 222, Sigma Chemical Company, St. Louis, MO) for 3 to 5 minutes, placed on a V-shape table and gills were continuously irrigated with 16°C water containing 100 mg/L of MS 222 during the operation. A 50 cm-long cannula (Clay Adams PE 50 tubing, Parsippany, NJ) with a bubble about 5-6 cm from one end was washed with heparinized Cortland saline solution (Houston, 1990 ) and a 13-gauge needle was used to pierce a hole on the right nostrum (ventral side up) for the cannula to exit. A 19-gauge needle was used to bore a small hole in the roof of the mouth at the mid-line behind the third gill arc at a 30° angle and a piano wire was inserted into the PE 50 tubing as a guide. The proper insertion was verified by the observation of a slow blood flow after the wire was withdrawn from the cannula. A 3 ml syringe with a 23-gauge needle was used to remove air and blood clot and the cannula was flushed with the heparin solution. The cannula was sutured behind the bubble on the roof of the mouth, led out from the right nostrum, plugged with a color head pin, and sutured at the dorsal fin Bai et al., 2003) .
Experimental design and diets
Experiment I was conducted to determine the appropriate post-prandial and post-absorptive time for blood sampling in dorsal aorta cannulated rainbow trout Bai et al., 2003) . After dorsal aorta cannulation, the trout were divided into 6 groups (4 fish per group) in each net cage and were fed a commercial rainbow trout diet (Woosung Feed Co. Ltd., Taejon-Si, Korea) for 3 days until the fish recovered from the operation of dorsal aorta cannulation. After 24 h food deprivation, these fish were intubated with the L-amino acid based diet at 1% body weight (dry-matter), anesthetized with MS222 and blood was sampled at 0, 2, 3, 4, 5, 6 and 24 h thereafter (0 and 24 h blood samples were taken from the same group of fish). The basal diet was formulated by the modification of Kim (1997) and contained a 29.6% crystalline amino acid mixture, 5% casein and 2% gelatin. Ingredients and amino acid composition of the basal diet are shown in Table 1 and 2, respectively. The ingredient mixtures without oil were stored at -80°C until used and basal diet was prepared by adding fish oil (10% of diet) and water (0.4 part of distilled water:diet, w/w) before intubation. Experiment II was conducted to determine the effects of different dietary arginine levels on post-prandial (5 h after feeding, PParg) and post absorptive (24 h after feeding, PAarg) plasma free arginine concentrations in rainbow trout. Rainbow trout were divided into 6 groups of 4 fish each in net cage and fed a commercial diet (Woosung Feed Co. Ltd., Taejon-Si, Korea) for 3 days until the fish recovered from the operation of dorsal aorta cannulation. After 24 h food deprivation, these fish were intubated with 1% body weight (dry-matter) of the experimental diets. Six diets were formulated to contain 0.48, 1.08, 1.38, 1.68, 1.98 or 2.58% of arginine. Equal amounts of aspartic acid and glutamic acid by weight were substituted for the proper amounts of arginine in the diets. Each group of fish was anesthetized and blood was sampled from each fish within a group at 0, 5 and 24 h after intubating the experimental diets (0.4 parts of distilled water:diet, w/w) by using a 3 ml syringe.
Experiment III was conducted to confirm the results from Experiment II in which PParg were higher than PAarg from fish fed the arginine deficient diet (0.48%). Four rainbow trout were fed a basal diet for 3 days until the fish recovered from the operation of dorsal aorta cannulation. After 24 h food deprivation, these fish were intubated at 1% body weight (dry-matter) of the 0.48 or 2.58% arginine diet. Two consecutive dietary periods were used: the first period, 3 days of the 2.58% arginine diet; the second period, 3 days of the 0.48% arginine diet. In the first period, 0 h post feeding blood samples were taken at the beginning of day 1 and 24 h later (24 h after feeding). During the second period, 0 h and postprandial (5 h after feeding) blood samples were taken for 3 days (day 1, 2 and 3). The post-absorptive (0 h) blood samples were taken on day 4 (24 h after feeding fish on day 3).
Sample collection and analysis
Fish were anesthetized with 200 mg/l MS222 and 300 µl blood were sampled from each fish. Plasma samples were prepared by centrifugation at 3,000×g for 10 min. For deproteinization, the plasma samples were mixed with 10% Table 3 . Plasma free amino acid concentrations (nmol/ml) after feeding the basal diet (Experiment I) 5-sulfosalicylic acid in the ratio of four to one, cooled on ice for 30 min and centrifuged. The protein-free supernatant was diluted in pH 2.2 lithium citrate sample dilution buffer in the ratio of one to one and the samples were stored at -80°C until analysis. The plasma free amino acids were separated and quantified using a S433 amino acid analyzer (Sykam, Germany) using the ninhydrin method.
Statistical analysis
Data were subjected to analysis of variance test by using Statistix 3.1 (Analytical Software, St. Paul, MN, USA). When a significant treatment effect was observed, a Least Significant Difference test was used to compare means. Treatment effects were considered significant at p<0.05. The breakpoints for both PParg and PAarg were estimated by using the broken line model of Robbins et al. (1979) .
RESULTS
Experiment I
Plasma free amino acid concentrations from fish forcefed the basal diet are shown in Table 3 . Plasma free essential amino acid concentrations, with exception of histidine, lysine and tryptophan, began to increase at 2 h, peaked at 5 h and returned to near basal level at 24 h. Plasma free histidine concentration peaked at 2 h and returned to the basal level at 6 h. Plasma free lysine concentration peaked at 5 h and did not return to the basal level by 24 h. Plasma free tryptophan concentrations peaked at 2 h, remained constant between 2 h and 4 h and returned to the basal level at 24 h. Total plasma free essential amino acid concentrations peaked at 5 h and returned to near basal level at 24 h. Plasma dispensable amino acid concentrations peaked between 2 h and 6 h and returned to near basal levels at 24 h.
Experiment II
Post-prandial plasma free arginine concentrations (PParg) and post-absorptive plasma free arginine concentrations (PAarg) of fish fed graded levels of arginine are shown in Figure 1 and 2. PParg concentrations declined with decreasing dietary arginine. PParg from fish fed 0.48 and 1.08% arginine diets were not significantly different (p>0.05); however, PParg increased with dietary arginine levels among fish fed diets containing from 1.08 to 2.58%. PAarg significantly increased with dietary arginine levels from 0.48% to 1.38%, while it increased at a lower rate beyond 1.38%. The breakpoints, using the broken-line model, were 1.03 and 1.38% for PParg and PAarg, respectively.
Experiment III
There were no significant differences between PParg from fish fed 0.48% arginine diet and PAarg from fish fed 2.58% arginine diet. However, the fourth day PAarg from fish fed 0.48% arginine diet was significantly lower than PParg from fish fed the same diet and the PAarg from fish fed 2.58% arginine diet (p<0.05).
DISCUSSION
Experiment I demonstrated that most amino acid concentrations peaked at 5 h and returned to near basal level at 24 h after feeding. From the 6 h plasma amino acid concentrations it would appear that post-absorptive concentrations might have been reached long before 24 h. In mammals, including rats (Swendseid et al., 1963; Young and Zamora, 1968) , pigs (Puchal et al., 1962) , dogs (Longenecker and Hause, 1959) and humans (Young and Scrimshaw, 1970) severe essential amino acid deficiency causes a decrease in the limiting amino acid during the absorptive phase, with a return toward normal 12-24 h after meal. Murai et al. (1987) and Schuhmacher et al. (1997) reported similar results that the plasma concentrations of arginine, leucine, isoleucine, valine, phenylalanine and threonine from fish force-fed crystalline amino acids at 1% body weight (dry-matter) peaked at 6-9 h and returned to baseline by 24-32 h post feeding in rainbow trout.
Post-absorptive (24 h after feeding) plasma free arginine concentrations (PAarg) of the trout increased as dietary protein increased, with somewhat of a plateau occurring at about 1.38% of dietary arginine. Perhaps this is the concentration of dietary arginine that results in "regulation" (either reutilization for protein synthesis or oxidation of excess of that mobilized) of body arginine during the postabsorptive phase.
In Experiment II the effects of alterations of dietary arginine intake on post-prandial (5 h after feeding) plasma free arginine concentrations (PParg) were dependent upon the relative adequacy of the dietary arginine supply. PParg from fish fed 0.48 and 1.08% arginine diets were not significantly different; however, PParg increased with increasing dietary arginine from 1.08 to 2.58%. In the chicks, Zimmerman and Scott (1967) found that the doseresponse curves for lysine, valine and arginine in the plasma remained almost flat initially and then increased at the point when the intake of each amino acid just exceeded the level required for maximum growth. In rats, McLaughlan and Illman (1967) found that the dietary level of each essential amino acid that supported the concentration of the amino acids after overnight food deprivation, was the same as that published for the requirements for each amino acid.
If the breakpoint was taken as the requirement of arginine for the trout in the present experiment, the requirement would be 1.03% of diet on the basis of PParg, considerably lower than that shown for the dose-response curve using maximum growth (Ogino, 1980; Walton et al., 1986) . PAarg increased with dietary arginine from 0.48% to 1.38%, then showed a breakpoint with a slight continued slope. If this breakpoint were used as the arginine requirement the arginine requirement of trout would be 1.38% dietary arginine. The latter breakpoint is close to the requirement as determined by Ogino (1980) who reported that the arginine requirement of rainbow trout was 1.4% of diet. Kim et al. (1992) estimated the arginine requirement of rainbow trout as 1.41% of diet based on the growth data when L-amino acid mixture, casein and gelatin were used as protein source. Other reported estimates of the arginine requirement of trout ranged between 1.2-1.8% of the diet (Kaushik, 1979; Walton et al., 1986) . Since the breakpoint of post-prandial plasma essential amino acids has not been consistently found at the requirement for all essential amino acids in other species, more work needs to be done before the breakpoint of post-prandial plasma essential amino acids should be taken as the requirement in trout or other fish. Experiment II showed that PParg (157±22 nmol/ml) was higher than PAarg (66±22 nmol/ml) for fish fed 0.48% arginine diet (less than half of the estimated requirement). This response indicates a basic difference between rainbow trout and mammals and birds in the metabolic response to a dietary deficiency of arginine. Perhaps arginine is catabolized more slowly and thus is available for protein synthesis and gluconeogenesis over a longer period of time after a given meal in rainbow trout. This is not true for all amino acids in fish since for methionine in sea bass (Thebault, 1985) and lysine in rainbow trout (Schuhmacher et al., 1997) dietary deficiencies of these amino acids cause a decrease in their concentrations in post-prandial plasma.
Experiment III confirmed the results from Experiment II that PParg from fish fed the arginine deficient diet were higher than PAarg from fish fed either the arginine deficient diet (0.48%) or the arginine adequate diets (1.68-2.58%). This experiment shows that the response of PAarg pattern in trout is not similar to those of mammals and birds. PAarg from fish fed the arginine deficient diet was lower than that from fish fed the arginine adequate diet (Table 5 ). This might indicate that PAarg concentrations are dependent upon the previous arginine intake.
In conclusion, these results show that post-prandial plasma arginine concentrations are responsive to dietary arginine level. Feeding a diet severely deficient in arginine to trout results in a postprandial rise, not fall in plasma arginine concentration, in contrast to decreases found in birds and mammals. Breakpoint analysis using PParg resulted in a breakpoint at 1.03% dietary arginine, whereas using PAarg it resulted in a breakpoint at 1.38% dietary arginine. However, validity of using these breakpoints to estimate arginine requirement needs further study.
